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This research has aimed at the control system development of a non-resonant ultrasonic motor (SPIDER: Synchronous Piezoelectric Device DrivER)-driven precision stage. The SPIDER is the novel actuator developed by Kumamoto Technology Inc., which uses the nonresonant characteristic of an ultrasonic motor. The SPIDERdriven stage has many potential applications to future LSI manufacturing, in particular electron beam technologies because of the advantages of high resolution, no magnetic noise generation, high servo rigidity and high retention. In the previous research, the authors have reported the identification and control methods of the SPIDER-driven stage considering the friction mechanism.
In this paper, at first, it is experimentally evaluated that the incommensurability of the friction compensation causes the deterioration of the positioning performance. Taking this fact into consideration, two compensation methods to extend the applicability of the bang-bang based control are proposed. One is the exact compensation method of the static friction considering the storage effect of the position error, which comes from integrator of the controller. The effectiveness is verified referring to a Proportional-Integral (PI) control and I-P control systems, which are basically and commonly used in industrial fields. For a PI control system, the reset of the integral term is performed at the time when the first time of the zero velocity with the tracking error is occured. For an I-P control system, the tracking error is modified using the information of both the proportional and the integral outputs, when the same condition is satisfied.
The representative positioning experiment for the PI control system is show in Fig. 1 .
Step position reference with 0.05 mm is applied at 0 s. For the control input, the static frictions for both directions are also illustrated by the mesh area. Comparing to a conventional bang-bang based PI control, it is confirmed that the tracking ability as well as settling time to the scale resolution can be improved. In this case, 42% time shortening can be performed.
The other is the utilization of the friction observer. The introduction of the friction observer expands the effectiveness for the frictional change in function of position, time and direction. The combination of the friction compensation considering the storage characteristic and the friction observer can achieve positioning performance which is almost equivalent to the case in which the identified friction was used.
Finally, test results are obtained to verify that the proposed friction compensation methods are more robust for the frictional change and possible to perform the quick positioning into the scale resolution, by experiments with a 100 mm stroke and 20 nm scale resolution stage. * * * * * * * 
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